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W i t h i n  the  l a s t  two decades, there  has been inc reas ing  emphasis on 
develop ing more soph is t i ca ted  computational f l u i d  dynamics (CFD) methods t o  
handle a wide range o f  problems o f  i n t e r e s t  t o  the  aerospace community. The 
reasons f o r  t h i s  a re  well-covered i n  the references which a l s o  p rov ide  a f a i r l y  
comprehensive p i c t u r e  of the s ta tus  o f  CFD development and c a p a b i l i t y  as w e l l  as 
an assessment of requirements and f u t u r e  d i rec t i ons .  An independent review and 
assessment was a l s o  c a r r i e d  out  by the  author  as p a r t  o f  the c u r r e n t  assignment 
and the  r e s u l t s  a re  o u t l i n e d  herein. /J 
As the  problems faced by veh ic le  and systems designers become more complex 
and c r i t i c a l ,  p a r t i c u l a r l y  a t  very h igh  speeds-and a l t i t u d e s ,  t h e  need t o  p r e d i c t  
f low c h a r a c t e r i s t i c s  about i n t r i c a t e  body shapes under cond i t i ons  i n v o l v i n g  
complex phys i ca l  phenomena becomes more acute. Problems which p rev ious l y  were 
handled (however inadequate ly)  by so l v ing  the  l i n e a r i z e d  equat ions governing 
f l u i d  f l o w  must now take account o f  the essen t ia l  non- l inear  charac ter  o f  these 
r e l a t i o n s h i p s .  Since no known mathematical techniques e x i s t  t o  accomplish t h i s ,  
t h e  focus has s h i f t e d  t o  methods based on f i n i t e  d i f ference techniques us ing  
t imewise i n t e g r a t i o n  t o  determine the  f l ow  var iab les  throughout the  f l u i d .  Th is  
i nc ludes  the  c r e a t i o n  o f  a three-dimensional (3-D) mesh o r  g r i d  w i t h i n  the  zone 
of i n t e r e s t  which prov ides the  framework f o r  systematic c a l c u l a t i o n s  l e a d i n g  t o  a 
( u s u a l l y )  steady s t a t e  o r  s ta t i ona ry  so lu t ion .  I n  o rder  t o  achieve the  des i red  
d e f i n i t i o n  and accuracy, a g r i d  comprising l a r g e  numbers of very small  elements 
i s  u s u a l l y  necessary. Typ ica l l y ,  b i l l i o n s  o f  c a l c u l a t i o n s  are  requ i red  t o  
e s t a b l i s h  dynamic c o m p a t i b i l i t y  a t  matching faces o f  the  g r i d  elements f o r  each 
increment i n  time. The computer c a p a b i l i t y  requ i red  i s  of g i g a n t i c  p ropor t i ons  
such t h a t  on ly  very specia l  f a c i l i t i e s  supported a t  t he  na t i ona l  l e v e l  a re  
s u f f i c i e n t  t o  approach the  q u a l i t y  o f  s imu la t i on  needed. As computer 
c a p a b i l i t i e s  increase, the ob jec t ives  become more demanding and the  focus changes 
t o  problems of ever increasing complexity. Ultimately, t h i s  will  include such 
micro-scale phenomena as turbulence and combustion dynamics o r  the  mega-scale o f  
p lane ta ry  atmospherics. Such goals now appear v i s iona ry  and would r e q u i r e  orders 
of magni tude improvement i n  computer speed and capaci ty .  
Cons idera t ion  o f  the cu r ren t  s ta tus  o f  computer development and the  need f o r  
more r e a l i s t i c  and a f fo rdab le  ana lys is  and design c a p a b i l i t y  has i n s p i r e d  the  
c u r r e n t  study t o  i d e n t i f y  a l t e r n a t i v e  approaches t o  cope w i t h  the  wide spectrum 
of phys i ca l  phenomena invo lved w i t h  the design and opera t i on  of aerospace 
veh ic les  and systems. The continued r e l i a n c e  on g r i d  methods appears t o  present  
some fundamental l i m i t a t i o n s  i n  terms o f  s imu la t i on  q u a l i t y ,  t ime and cost. 
Thus, t h e  present  e f f o r t  has focused on a h ie ra rchy  o f  methods based on 
fundamental so lu t i ons  o f  the l i n e a r i z e d  system equations. To handle the  non- 
l i n e a r  aspects several schemes have been i d e n t i f i e d  f o r  e f f i c i e n t  a lgor i thms 
a p p l i c a b l e  t o  bo th  ana lys is  and design i n  4-D. 
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An a r c h i t e c t u r e  f o r  a CFD system u t i l i z i n g  these o r  s i m i l a r  concepts has 
been proposed which would i nc lude  the  f o l l o w i n g  cha rac te r i s t i cs :  
s 
- Essent ia l  physics and mathematics 
- R e a l i s t i c  con f igu ra t i ons  i n  4-D 
- Avoids basic l i m i t a t i o n s  o f  g r i d  methods 
- Small t o  la rge-sca le  phenomena - Af fo rdab le  computing t ime and cos t  
- V e r i f i a b l e  accuracy 
- Log ica l  progress ion t o  complex problems 
- Methods matched t o  needs and resources 
F igu re  1 shows the elements o f  such a system arranged i n  a l o g i c a l  sequence f o r  
development. 
F igure  1. - A r c h i t e c t u r e  
f o r  CFD System 
* u m y  i t - c b a m  wrmizmngl 
To support t h i s  i n i t i a t i v e ,  an exp lo ra to ry  approach i s  recomnended as an 
ex tens ion  t o  the  present  study. The i n i t i a l  s teps would invo lve ,  1 )  development 
o f  fundamental so lu t i ons  t o  the  l i n e a r i z e d  Navier-Stokes equat ions f o r  
compressible, heat conduct ing f l u i d s  and 2 )  i d e n t i f i c a t i o n  and eva lua t i on  o f  
promi s i n g  a1 g o r i  thms f o r  non-1 i near CFD codes needed t o  implement t h e  proposed 
sy s terns. 
I t  i s  concluded t h a t  t h i s  approach could lead t o  a more-e f fec t i ve  CFD 
systems complex t o  support advanced aerospace veh ic le  design and t h e  c r e a t i o n  o f  
new l e a d i n g  edge technologies.  Proper ly  implemented, such a system would f i n d  
wide a p p l i c a t i o n  w i t h i n  the  p r i v a t e  sec tor  as w e l l  and he lp  t o  r e e s t a b l i s h  U.S. 
preeminence i n  i ndus t r y .  
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